Recording industry revenue has fallen sharply in the last three years, and some -but not all -observers attribute this to file sharing. We collect new data on albums obtained via purchase and downloading, as well as the consumers' valuations of these albums, among a sample of US college students in 2003. We provide new estimates of sales displacement induced by downloading using both OLS and an instrumental variables approach using access to broadband as a source of exogenous variation in downloading. Each album download reduces purchases by about 0.2 in our sample, although possibly much more. Our valuation data allow us to measure the effects of downloading on welfare as well as expenditure in a subsample of Penn undergraduates, and we find that downloading reduces their per capita expenditure (on hit albums released
No black flags with skull and crossbones, no cutlasses, cannons, or daggers identify today's pirates. You can't see them coming; there's no warning shot across your bow. Yet rest assured the pirates are out there because today there is plenty of gold
to be had. -RIAA website (http://www.riaa.com/issues/piracy/default.asp) After growing an average of 10 percent per year over the previous 7 years, US music industry revenue has shrunk by 16 percent in the last 3 years (see figure 1 ). There is considerable debate about causes. Theoretical work on sharing of information products has ambiguous predictions for the effects of file sharing on industry revenue (see Besen, 1986; Bakos, Brynjolffson, and Lichtman, 1999; Varian, 2000; and Shapiro and Varian, 1999) ; and the empirical literature on the sales-displacing effects of music downloading has achieved no consensus as yet.
Two recent studies reach opposite conclusions (see Oberholzer-Gee and Strumpf, 2004, and Zentner, 2003) .
One obstacle to empirical consensus is the difficulty of obtaining suitable data, namely information on purchase and download volumes for the same individuals. This study examines the effect of downloading on sales and welfare, asking a series of specific questions. First, using a new survey-based dataset on quantities of music downloading and purchases of 8200 albums by 412 college students at Penn, CCNY, Hunter, and master's students at Chicago's Harris School, we revisit the question of how downloading affects music purchases. Using both OLS as well as an empirical strategy instrumenting downloading volumes with information about broadband access, we ask whether individuals downloading more albums purchase fewer albums. We document that downloading reduces music purchases, by roughly one fifth of a sale for each recent download and possibly much more. Because we have measures of the quantities of music purchased and downloaded, we can estimate the size of the downloading-induced sales displacement, not simply document whether it occurred. Our conservative estimates indicate that downloading reduced recent purchases by individuals in the sample by about 10 percent during 2003.
We then turn to welfare analysis. Two features of the CD market make the welfare analysis of downloading interesting. First, because CDs were easily transferable even in the absence of downloading, substantial price discrimination was impracticable. As a result, firms were compelled to price as single-price monopolists, leaving some socially beneficial transactions (with buyer valuation above marginal cost) unconsummated. This problem was exacerbated by CDs' second feature: the product has a low marginal cost -now that digital distribution is feasible, it is essentially a marketable public good -so the market without unpaid downloading has the potential for substantial deadweight loss.
The advent of unpaid downloading allows consumers to engage in a crude "do-it-yourself" form of third degree price discrimination. Based on access to the Internet and willingness to engage in file sharing, consumers segment themselves into downloaders and buyers. Given the available supply of music, downloaders pay zero and are clearly better off. But that leaves various avenues for downloading to affect welfare more generally. Revenue may decline, harming firms and their suppliers. But revenue will only decline if downloaded albums would otherwise have been purchased. If downloaded albums would not have been purchased, then not only is revenue unaffected but deadweight loss shrinks as well. 1 We address these issues though surveys asking respondents not just what they bought and downloaded but also how highly they value the music in dollar terms. We document that, on average, our respondents download music that they value a third to a half less than their purchased music. This indicates that at least some of the music that is downloaded would not otherwise have been purchased and therefore supports the incomplete sales displacement that we document.
Moreover, it suggests that some of the surplus enjoyed by downloaders would otherwise have been the deadweight loss associated with a foregone but socially beneficial transaction.
Music has the complicating feature of being an experience good, so that consumers' ex ante valuation (at the time of purchase or downloading) need not be the same as the ex post valuation after experiencing the product. Hence, the ex post valuation, relevant to welfare, deviates from the valuation determining the purchase decision. To address this we administered an additional survey to 92 Penn students eliciting both ex ante and ex post valuation information for 1209 purchased and downloaded music albums. Assuming that albums with ex ante valuations above $15 would have been purchased, while those with ex ante valuations below $15 would not, we find that downloading reduces expenditures by individuals in this sub-sample by roughly 20 percent, from $126 to $101 per capita. Although downloading reduces revenue by $25 per capita, it raises consumer surplus by $70 per capita (for their purchases of hit albums, [1999] [2000] [2001] [2002] [2003] . The reduction in deadweight loss ($45 per capita) is nearly double the reduction in industry revenue (from individuals in our sample).
The paper proceeds in four sections. Section 1 provides industry background and links to relevant literatures. Section 2 explores possible effects of downloading on consumption and welfare in theory. Section 3 describes the data used in the study. Section 4 presents empirical results on sales displacement and whether high or low valuation albums are downloaded. Section 4 also presents estimates of the effects of downloading on welfare.
I. Background a. Industry background
The US music industry is highly concentrated. Although there are hundreds of "labels,"
five owners account for 80 percent of music sales. The major firms include Sony, VivendiUniversal, EMI, Bertelsman, and Time-Warner (see Graves, 2004 This study is related to three strands of academic research. First, our general question, of how differentiated product firms' ability to harvest revenue from potential buyers limits the types of products the firm can market, relates to the product selection problem discussed by and Dixit and Stiglitz (1977) . In general, the structure of demand suggests what set of products would optimally be offered. Which products are actually offered in a market depends on how well firms can appropriate consumers' valuation as revenue whether firms can appropriate. Of course, downloading substantially undermines the ability of firms to appropriate valuations as revenue.
Closer to the phenomenon, our study is related to existing research on the effect of reproduction technology on markets for information goods, beginning with Leibowitz (1985) .
Liebowitz documents that the advent of widespread photocopying induced academic journal publishers to raise their prices to libraries as they lost much of the individual market to photocopiers. The issues addressed in this study also echo the issues in the software piracy literature.
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This paper is also part of a literature on the effect of file sharing on the revenue from selling information. A number of theoretical papers make the point that file-sharing need not reduce seller revenue (see Bakos, Brynjolffson, and Lichtman, 1999; and Varian, 2000) . To see this, imagine two individuals each valuing a good below its price. If they can share it, they may together be willing to purchase the good that they alone were not willing to buy. Shapiro and Varian (1999) also emphasize possible sales-stimulating effects of free samples. Thus, for a number of reasons, whether file sharing displaces sales is an empirical question. Internet connectedness, to document that places with more Internet -and broadband -connections have experienced sharper reductions in album sales. He also uses micro data to show that persons who self-report downloading music -instrumented with measures of technical sophistication -are also less likely to have purchased music recently. Hui and Png (2003 ), using international panel data, 1994 -1998 , estimate that each download reduces sales by 0.42. The time period they study predates the growth of broadband and widespread file sharing. Moreover, their measure of piracy has the shortcoming that it is an estimate based in part on the level of legitimate sales in a country.
On the other hand, Oberholzer-Gee and Strumpf (OS, 2004) examine weekly time series data on downloading and sales of major hit albums, finding little relationship. And in expert testimony on the Napster case, Fader (2000) argues that file sharing stimulates sales of recorded music, although his analysis covers a period prior to the sales decline depicted in figure 1.
It is difficult to obtain data well suited to measuring the possible sales-displacing effects of downloading. Album sales data exist, by album and by time. OS have combined weekly sales data with novel data on the weekly volume of downloads to ask whether albums are purchased less whe n in the weeks when they are downloaded more heavily. They identify sales displacement using within-album weekly variation in downloading and sales. In effect, they ask whether an album sells fewer copies in a week that it is downloaded frequently. Given the durable nature of music files, it is not clear that the absence of contemporaneous substitution rules out substitution more generally.
Their contemporaneous album sales approach faces the basic handicap that the variation in a particular album's popularity over time would tend to induce a positive relationship between purchases and downloads. Purchase and download are simply two ways of obtaining an album. To see this clearly, consider a different pair of channels for obtaining an album, from Sam Goody or from HMV. Virtually no one purchases a particular album from both outlets. Thus, the displacement is one-for-one. Yet, the weekly sales of a particular album at Sam Goody are surely highly positively correlated the weekly sales of the same album at HMV. Do HMV sales stimulate Sam Goody sales? Probably not. Downloading and purchases have the same problem. An album's popularity has a time component to it; and when it is popular though one distribution channel, it is popular through other cha nnels as well. And this does not mean that availability through one of the channels stimulates demand through other channels.
It is not even necessary for the relationship between album sales and downloads to inform the sales displacement question. Suppose there are two types of people, buyers and downloaders.
Suppose that buyers never download, and downloaders never buy. A lack of alternative data sources led us to undertake our own surveys. The benefit of this data collection is that it allowed us to get information on individuals' volumes of music downloads and purchases. Because we surveyed the college student populations available to us, our surveys are necessarily not nationally representative. We cannot therefore draw inferences about the magnitude of aggregate downloading on US album sales. But we can ask whether the sales displacement phenomenon operates at all. That is, do people who download more purchase less? If so -and if we believe we have isolated exogenous variation in the volume of downloading -then we can at least draw inference about whether downloading -again for our sample -tends to stimulate or cannibalize album sales. This is the spirit in which we proceed.
II. Theory
The While these special cases based on simple -and restrictive -representations of demand are suggestive, realistic analysis of the welfare effects of downloading require information about the actual distribution of valuations for buyers and downloaders. The key question, for both the welfare analysis of downloading and the size of the sales displacement, is whether individuals download high or low-valuation albums. The more that consumers obtain low-valuation music through downloading, the smaller its negative impact on revenue and the greater its beneficial effect on welfare.
b. Decoupling Ex Ante and Ex Post Valuation
Because music is an experience good, the ex ante valuation determining purchase is decoupled from the ex post valuation relevant to welfare. As a result, actual welfare is slightly more complicated than the foregoing section would suggest. At the time of first obtaining the album, the individual's willingness to pay is based only on a guess about how much she will like an album. Call this the ex ante valuation, While individuals decide whether to obtain albums on the basis of ( v < p i ). Note, however, that the deadweight loss in this cell is identical across downloading and non-downloading regimes, so that our inability to measure this will not inhibit our ability to measure the change in welfare from downloading.
III. Data
The basic data for this study are derived from two surveys administered to roughly 500 college students (at Penn, Hunter, Chicago's MA program in public policy, and CCNY) between Table 2 presents some characteristics of the individuals in the survey one sample. Blacks make up 9 percent of the sample, Hispanics 10 percent, Asians 32. The remainder are white.
Fourteen percent of the sample has family income below $25 thousand; 20 percent has family income between $25 and $50 thousand; 28 percent has family income between $50 and $100 thousand; 22 percent has family income between $100 and $250 thousand, and the remaining 16 percent has family income in excess of $250 thousand. The mean age is 21.9.
The respondents report high interest in music. Only 15 percent report being less of a music fan than others they know. Nearly forty percent claim to be about the same, 30 percent are somewhat more, and 17 percent are a lot more interested in music than others they know. The mean CD collection is 103.
In a second wave of the first survey we asked about current and past Internet access. We The second part of survey one asks respondents to attach dollar value to two groups of albums they have. First, we present them with a list of all 261 albums certified by the RIAA as having sold 2 million or more copies since 1999. For each album, respondents indicate whether they own it, how they got it, and how highly they value it in dollar terms. We term this the "hit" module, and responses to this module provide valuations on a common set of albums across all respondents. Second, we ask respondents to list all albums they have obtained in the past year. For each album they list, we ask them how they obtained it (via purchase, downloading, or as a gift) as well as their valuation. We term this the "current" module.
Two different versions of the valuation question were used initially. The "buy" set asked respondents, "Imagine you no longer have the album and must pay to get it. What is the maximum you are willing to pay to get the album." In the alternative "sell" treatment, the question is worded, "Imagine someone offered to pay you money to permanently give up the album (and never again hear any of the songs on it). For each album, how much compensation would you require never to hear it again?" We employed the buy formulation for 337 of 412 surveys.
We use the survey data in two ways. First, we can aggregate them to the respondent level to create a cross-respondent dataset on the volume of CDs purchased and downloaded. Although we do not know when respondents purchased each CD, we do know the CDs' "vintage," i.e. the year in which they were first certified. This allows us to create a second, panel dataset on the numbers of albums downloaded and purchased, among those of each vintage. Third, we can use the data at the album level. Table 3 reports mean and median valuations of purchased (including gifts) and downloaded hit and current albums using both the buy and sell valuation methods. The first point to note is that sell-based valuations are enormous. The average purchased hit is valued at over $50,000. While the means are sensitive to outliers, even the median sell valuations -$100 per album for hits and current albums -are rather high. The buy-based valuations appear to be more reasonable. Of 2726 purchased hits, the mean valuation is $12.70, while the mean valuation of a purchased current album is $15.25. Second, downloaded albums are valued substantially below purchased albums.
Although more reasonable in the sense of being within an order of magnitude of purchase prices, the survey 1 buy valuation data are still, at first blush, puzzlingly low. Of 2726 purchased albums valued via the buy method, the mean valuation was $12.70. On its face this seems to contradict logic, since a person should only buy a product if the value equals or exceeds the price.
And, indeed, 58 percent were valued below $15. Moreover, 28 percent were valued below $10.
These results raised concerns for us that music may be a) an experience good, b) subject to depreciation as listeners grow tired of music, or c) both.
Low ex post valuations are not just a theoretical curiosity; they also prevent using survey 1 valuation data to determine which downloaded albums would have been purchased absent downloading. It seems natural to assume that individuals would have purchased albums when v>p.
Yet, it is not true that v exceeds p for all, or even most, purchased albums.
Our concern about music as an experience good led us to administer survey two to 92 Penn students, asking about both ex ante and ex post valuations of the 261 albums in the hit sample, as well as the individual characteristics covered in survey one. Our valuation instructions on this survey were rather explicitly designed to elicit ex ante valuations at or above the prices paid:
Initial valuation -At the time you obtained the album, what is the maximum you would have been willing to pay for it? If you paid for it, you must have valued it at least as much as its price initially. For this question, suppose that there is only one possible source. That is, your answer should not be based on an alternative price or sharing opportunity. (Don't say you're not willing to pay since you know you can obtain it via sharing for free, or that you are not willing to pay more than some particular amount since you know you can buy from another seller for some particular price. Here, you are asked to assume no such alternative sources exist.) Finally, if you would have been willing to purchase it at the time you downloaded it or received it as a gift, report a valuation at or above the going price at that time.
Current valuation -Now that you've had the music for a while,
what is the maximum you would be willing to pay for it? Here, again, suppose that there is only one possible source so your answer, as above, should not be based on an alternative price or sharing opportunity.
The last column of table 2 reports characteristics of the individuals in the survey 2 sample. The bottom panel of table 3 reports ex ante and ex post valuations of hits from survey 2. Here, the mean ex ante valuation is nearly $16, while the mean ex post valuation, at $13.39, is very similar to the (ex post) valuation in survey 1. Two points merit discussion. First, the ex post valuation is below the ex ante, indicating depreciation. Second, the correlation of ex ante and ex post value is only about 0.6, indicating that most of the variation in ex post value is realized after purchase, so the experience good aspect of music is important.
We supplement the survey data with information on aggregate sales data on all of our hitsas well as roughly 8000 other hit albums certified by RIAA -from the Recording Industry Association of America Website (RIAA.COM). The source reports individual certifications. An album is certified "gold" when it has sold 0.5 million units, "platinum" when it sells 1 million, and it receives a multiple platinum certification for each additional million copies sold. An album released in, say, 1985, can continue to sell in subsequent years. We attribute the additional sales leading to most recent certification to the year of the current certification. This makes the certification-based data compatible with the RIAA aggregate sales data (except that the aggregate data also include albums selling fewer than 0.5 million copies). RIAA also provides data on annual units sold and reve nue. Figure 1 shows the overall and certified album sales. RIAA certified albums account for roughly three quarters of overall sales. Table 4 lists the top 40 albums in the hit sample, by number of appearances among the hit albums in our respondents' collections. The last column reports the certified sales of each album (as of late 2003). Although we make no claims of representativeness in our sampling, the albums with high sales tend to appear frequently in our sample. For example, the Backstreet Boys and 'N Sync albums which each sold over 10 million copies each appear among more than 50 of our respondents' hit album collections. Table 5 presents the average number of purchases and downloads, in the current and hit samples, overall and by race and school. 5 Respondents report an average of 7.8 hit purchases and 5.1 hit downloads (for albums first certified in 1999 and by late 2003 selling at least 2 million copies). Blacks download fewer albums than others in the sample. Penn students in our sample download substantially more albums than Hunter, CCNY, or Chicago students (7.2 hit albums as opposed to 2-3). Interestingly, Penn students purchase fewer albums than the others, suggesting sales displacement.
We can compare our self-reported purchase information with aggregate data on album sales. 
where: i P is individual i's purchases of albums from some set (either the hit or current), Columns (1-3) of table 7 reports estimates of equation (1) using the entire hit album sample.
In this equation, P is the total number of albums on the hit list (those albums selling 2 million or more between 1999 and 2003) that the individual has purchased, while D is the number of those albums that the person has obtained via downloading. The first column shows that the estimated sales displacement coefficient α using the full time period is insignificantly different from zero.
The result does not change if we control for school (column 2) or estimate a tobit rather than an OLS model (column 3). Columns (4-6) present estimates of equation (1) using the current sample.
The OLS regressions in columns (4) and (5) give displacement estimates of -0.17 to -0.19, changing little when we control for school. Column (6) reports a tobit estimate on the current sample, yielding a negative and significant displacement estimate.
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In interpreting these estimates, it is important to keep in mind that broadband Internet access stood at low levels for our respondents in 1999. The estimates in table 7 are vulnerable to the concern that downloading is endogenous, or at least that it is subject to unobserved heterogeneity. We might expect music lovers to both download and purchase more music. One way to deal with this is simply to recognize that it would lead OLS to underestimate the amount of sales displacement and to view our coefficients as underestimates of true sales displacement. Alternatively, one can try to find instruments for music downloading that are not themselves related to music demand. The speed of one's access to the Internet can serve as such an instrument, provided that connection speed is exogenous to interest in music. It would undermine this strategy, for example, if people chose high-speed connections because of their interest in music.
6 Because purchases are positive for 243 of 347 observations, the associated displacement estimate is -0.18.
We have two approaches to using access speed as an instrument for downloading. First, we can use the school the student attends; and second, for a subsample, we can use whether she has broadband access. Far more than college students at Hunter or CCNY, or MA students at Chicago, Penn students live in dormitories with high-speed Internet access. "Only 612 of Hunter's 17,000 students have the opportunity to live in the Residence Hall" ( see http://www.hunter.cuny.edu/~reslife/index.html). And there are no dormitories at CCNY (see http://www.ccny.cuny.edu/bulletin02/about_usU.htm). By contrast, there is space for 5683 of the "nearly 10,000 undergraduates" at Penn. Our own survey shows this: broadband access is ubiquitous among Penn students, far less common among others. Our two IV strategies are (1) to use which school they attend to instrument downloading, and (2) to use the survey's individual measure of broadband access as an instruments.
The first four columns of table 8 present first and second-stage regressions on the hit sample. The first two columns report first-stage (download) regressions, using school attended and the individual broadband access variables, respectively, as instruments for downloading. As one would expect from the raw data in the tables above, Penn students download more than other students, after accounting for race, income, and interest in music. Columns (3-4) report secondstage hit displacement regressions, and the estimated hit sales displacement coefficients are -0.25 and -0.57. Columns (5-8) repeat the exercise using the current sample, and again, individuals with broadband access download more, and the estimated current sales displacement coefficients are -0.88 and -1.47. The estimated IV displacement coefficients in table 8 are much larger than their OLS analogues in table 7, although they are also less precisely estimated.
The panel structure of our data allows another empirical approach. Table 9 uses the panel data, in which a unit of observation is a person-by-vintage for the hit sample. We estimate equations of the form:
Thus we run regressions of the number of albums released in each year that an individual purchased on the number of that year's albums that the person downloads, along with time dummies (φ t ) and our various controls. This pooled cross-section time series estimates give sales displacement coefficients of roughly -0.04 but not significant. The second column of table 9 incorporates individual fixed effects, identifying the sales displacement coefficient from the relationship between changes in the tendenc y to download and changes in the tendency to purchase, over and above the common vintage pattern. That is, we make the substitution ε it = µ i + ν it , where µ i is an individual-specific fixed effect, and ν it is an individual-and-year-specific error.
Here we obtain a coefficient estimate of -0.08, and it is statistically significantly. When we restrict attention to persons purchasing more than 5 albums from the hit sample we get a coefficient twice as large (-0.15 and significant).
What do all of these estimates mean? Estimates based on data for periods when downloading is feasible suggest sales displacement of roughly -0.2 per album downloaded in the OLS specifications and much higher in the IV estimates. Average current year downloads -see table 4 -were 1.24, while current purchases averaged 2.61. Using the -0.2 displacement estimate, in the absence of downloading, purchases would have averaged 2.86, suggesting that downloading reduced purchases by individuals in the sample by about 9 percent.
b. Do cons umers download high or low value music?
Before analyzing the valuation data, it is worthwhile to discuss the virtues and shortcomings of survey-based valuation information. Economists have traditionally been skeptical of surveys of valuation because a respondent's valuation of an object he has never thought about -or never will see -may not have any meaning (Diamond and Hausman, 1994) . In our context, however, we are asking about familiar objects. Indeed, we are in particular asking about objects that the respondents actually possess. Moreover, these are objects of a sort the respondents have obtained repeatedly, so their valuation responses may be more meaningful than responses about unfamiliar and largely hypothetical goods.
Hence, we are willing to put aside qualms about survey valuation data to ask whether downloading is a means of obtaining high or low valuation albums. To this end, Table 10 reports album-level regressions of log valuation on a downloading dummy. The top panel reports regressions of log (ex post) valuation on a downloading dummy, using data from survey one. Only buy valuation data are included in these regressions (to ensure comparability with survey two results). The first column shows that downloaded hits are valued 33 percent below purchased hits.
The second column shows that downloaded current albums are valued 39 percent less than purchased current albums. Standard errors in all table 10 regressions are adjusted for clustering on individuals. Columns (3) and (4) repeat the exercise with individual fixed effects, showing not only that downloaded albums are less valuable than purchased albums but also that this is true within individual.
The bottom panel of table 10 performs a similar exercise on the ex ante and ex post hit valuation information from sample two. As in sample one, the ex post valuations of downloaded albums are nearly a third (27 percent) less than the valuations for purchased albums. The ex ante valuations of downloaded albums, relative to purchased albums, however, are even lower than the ex post valuations (46 percent vs 27). At the time of obtaining the music, then, persons expect the albums they download to be much less valuable to them than purchased music. This suggests that they would not have been willing to pay much for this music, and that they would not likely have purchased it. But the coefficient estimate describes only the average valuation difference between downloaded and purchased CDs. A more thorough analysis of downloading requires information about the full structure of ex ante valuation (for demand) and ex post valuation (for welfare).
c. Ex Ante and Ex Post Valuation of Music
This section provides some descriptive characterization of the ex ante and ex post valuation data. For each album, we asked for an ex ante valuation, a price (if they purchased the album), an ex post valuation, as well as indicators for why the current valuation deviated (from the initial valuation). If the current valuation exceeded the initial valuation, we allowed respondents to indicate a) that they were pleasantly surprised, b) that the music grew on them, or c) both. If the current valuation equaled the initial, we allowed respondents to indicate that a) they were familiar with the music before purchase, b) they guessed right, or c) both. Finally, if the current valuation fell short of the initial valuation, we allowed respondents to indicate that a) they were disappointed from the start, b) they grew tired of the music, or c) both.
The data are described in table 11. The average ex ante valuation is $13.34, while the average ex post valuation is $11.94 for the 1209 albums in sample two, indicating depreciation. Column (1) of table 11 reports a regression of ex post valuation on ex ante valuation and dummies that reflect, for example, whether an individual has grown tired of an album. The coefficient on "grew tired" is negative and significant.
The true ex post valuation of an album is the sum over the flow utilities experienced, appropriately discounted. If the flow utility declines over time, then the current valuation of a three year old album will understate its original ex post value. To address this we examine average depreciation directly, via a regression of (ex post valuation -ex ante valuation) on dummies for year of release.
7 Albums released in 1999 are on average $3 less valuable than albums released in 2003, and the earlier the release, the greater the gap, which we interpret as depreciation.
Consequently, we adjust ex post valuation by adding back the average depreciation depicted in column (2) of table 11. By construction this equalizes average ex ante and ex post valuation. Nearly a third report being pleasantly surprised by their album, and almost half report that their album grew on them. Albums by the Beatles, Norah Jones, and U2 also appreciated substantially.
At the other end of the spectrum, albums by various artists 9 depreciated by an average of 92 percent. Nearly half of respondents with albums by various artists report growing tired of them.
Similarly, over 80 percent of Britney Spears album owners report having grown tired of their albums.
d. Simulating the Effects of Downloading on Sales and Welfare
We now turn to measuring the welfare effects of downloading directly for a subsample.
Given that we have data on ex ante and ex post valuations for respondents in the second Penn sample, we can calculate their expenditure, consumer surplus, and the number of albums purchased and downloaded (in the downloading regime) straightforwardly according to the scheme in table 1.
Assuming that p i is $15, all of the information required to simulate expenditure, consumer surplus, and deadweight loss is available in table 13. Nearly two thirds (64 percent) of this derives from the $45 per capita reduction in deadweight loss.
The remaining 36 percent comes from the $25 per capita reduction in spending.
If we compute consumer surplus and deadweight loss using ex ante rather than ex post music valuations (see the last part of table 13), the results are similar. Downloading raises consumer welfare for sample individuals by $64 per capita, and 60 percent of this results from the $39 per capita reduction in deadweight loss.
e. Other Issues
We administered a small-scale follow-up survey to address two questions left unanswered by the previous analysis, the relationship between song and album downloads and the tendency for people to purchase albums following downloading.
Our surveys asked respondents to indicate whether they had obtained "albums" via sharing.
As table 5 indicates, Penn students report downloading roughly as many albums as they purchase (about 7.2). Yet, music downloading is done song by song, raising a question of what it means to "download an album." 12 To address this we administered a follow up survey asking 25 Penn students asking how many songs they had obtained via sharing from each of the albums in the hit 12 When respondents to the earlier asked how to fill out the survey, they were told to include an album if they had obtained they parts they though were valuable to them.
sample. For these students the mean number of purchased albums is 6.96, just slightly below the full Penn sample average. The average number of albums from which they had obtained at least one song via sharing was 19.7, or more than double the number of "albums" they reported obtaining via sharing. On the other hand, they report downloading an average of only 4.0 entire albums. It appears, then, that including all albums from whic h they download 6 or more songs, they obtained 4.1 albums via sharing. Constructing successively more inclusive sharing measures, we get the following: including 5 or more songs yields 4.6; 4 or more yields 6.3; 3 or more yields 8.8; and 2 or more yields 14.3. It therefore appears that respondents reported obtaining an album if they have downloaded 3 or 4 (or more) of its songs.
The follow-up survey also allows us to examine whether people download, then buy. Of the 476 albums -or album fragments -obtained via sharing, respondents subsequently purchased 21, or 4.4 percent.
V. Conclusion
We argue that successfully measuring the possible sales-displacing effect of unpaid music downloading requires data on the quantities of purchases and downloads made by individuals, leading us to conduct original surveys. Using a variety of empirical approaches, we document that downloading displaces sales among a convenience sample of college students. The estimate we consider most conservative indicate that an additiona l download reduces sales by between 0.1 and 0.2 units. As a result, for the individuals in our sample, downloading reduced expenditure by about 10 percent but possibly much more. Supporting incomplete sales displacement is our finding that downloaded music is valued much less than purchased music. the sub-sample for which we perform a direct welfare analysis of downloading, it raises sample consumers' welfare associated with these albums by $70 per capita. Some of the benefit to consumers are transfers from sellers, but most of the benefit ($45 per capita) comes from reductions in deadweight loss.
Two facts bear emphasis again. First, our sample is not representative, so our results should not be generalized. Second, our evaluation of welfare takes supply as given. It is entirely possible that downloading has important effects on the quantity and types of music recorded and marketed in the first place. This is an important area for further research. 
• album not obtained
Note: Assume that zero marginal cost distribution is available when illegal downloading is not feasible. Standard errors in parentheses. * significant at 5%; ** significant at 1%. Notes: Standard errors in parentheses. * significant at 5%; ** significant at 1% Notes: Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. Notes: Robust standard errors in parentheses. * significant at 5%; ** significant at 1% Note: "depreciation" is log(adjusted ex post value/ex ante value). Artists appear in this table if their albums appear 15+ times in the sample for survey 2. 
